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The Comment insists on the following: in our model it 
is assumed that the effective interactions have specific en- 
ergy ranges within the single band with a cutoff at wi for 
the phononic part and a range from uj\ to lo 2 in the AF 
channel. Our reply is that we assume that Vi(k, k') ^ 
if < uji and < uii, and otherwise Vi(k, k') = 
(i = 1,2), as stated in our paper[l[. This is the model 
of BCS type with two attractive interactions, and this 
assumption is the characteristic of the BCS approxima- 
tion and is never unphysical. The claim "the integration 
limits have been modified such that the AF channel me- 
diated pairing sets in where the ph-channel pairing ter- 
minates and is limited at an energy given by uij = ujj^p n 
in the Comment is completely wrong. Wc also mention 
that the eq.(l) in the Comment is incorrect since we can- 
not derive eq.(2) from eq.(l). The eq.(2) is also wrong 
as shown below. The eq.(5) in the Comment is also in- 
correct since this does not coincide with the formula by 
Suhl et al. in the limit u> p h = w^f 2]. We also show that 
the eq.(5) in the Comment is derived on the basis of an 
unphysical model. 

In the following, we describe the model and the method 
to solve the gap equation in more detail. Let us first con- 
sider the one-band and two-channel model with pairing 
interactions V\ and V%. We set uii < w 2 . The interaction 
V2 works in the range < |£fc| < w 2 . In the one-band 
and two-channel model, the gap equation is 



A (k) = I Y Y K(k, k')^ tanh ( 
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where E k = ^A(k) 2 + Within the BCS approxima- 
tion, this is written as 
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where iV(0) is the density of states at the Fermi level. 
For |£k| < wi, we obtain 
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We defined \ = N(0)(Vi) FS (i = 1,2). For £ k in 
the range of u>x < |£k| < ^2 where Vi(k,k') = and 
V2(k,k') ^ 0, we have 

(4) 

The assumption that A(k) is constant being independent 
of k leads to a contradiction because we obtain k B T c = 
(2e 7 /7r)cj 2 e~ 1/A2 from eq.flU and 
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from eq.©, where 7 is the Euler constant. The latter 
coincides with T c of eq.(2) in the Comment. These two 
T c 's never coincide unless Ai = 0. Hence, the T c of eq.(5) 
in the Comment is inconsistent and is wrong, and we 
must find a solution to gap equations that has the energy 
dependence d, Let us define A(k) = Ai for |^| < oji 
and A(k) = A 2 for uo\ < \fk\ < u>2, then the critical 
temperature T c is determined from 



Ai = (Ai + A 2 )Ailn 
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The secular equation yields 

2e 7 wi 
k B T c = exp 



Ai + XI 



(8) 



where Aj = A 2 /(l — A 2 ln(w 2 /wi)). This is the two- 
channel version of eq.(7) in Ref.fal. This agrees with the 
formula by Morel and Andersonjj] if A 2 is the Coulomb 
repulsive interaction with a negative sign. The staircase 
gap function is a simplest one that gives a consistent so- 
lution to gap equations with multi-cutoff energies. 

The generalization to the two-band and two-channel 
model is quite straightforward. We consider two bands 
denoted as a and /?. There are four interactions to be 
considered here: V^ h a , V™£ , V£% and V^|. They are 
intra- and inter-band pairing interactions due to electron- 
phonon and antiferromagnetic interactions, respectively. 
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The coupled gap equations are 

= -4e e e ^(k,k') A " !k ' j 
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and that for A' 3 . Here, 



£?. The energy 



range of the pairing interaction V p ^(k, k') is < |£fc| < 
ujph and < \£k'\ < w ph, and that of V AF (k, k') is < 
141 < ^af and < |£ fc /| < waf, for A*, v= a, (3. We 
assume that uj p h < ^af- Outside of these ranges they 
vanish. Then, the gap equations are written as 
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and that for A' 3 , where 7V M (0) is the density of states at 
the Fermi level. 

We define the coupling constants Xf a and (i=ph, 
AF) similarly as in Ref.Q: X^ F = (JV(0)y££(k, k')) FS 
and A££ - -(jV^(0)^(k,k'))FS for //, i/= a, /?. To 
obtain a self-consistent solution to gap equations, we set 
A^(k) = At for < \£_ k \ < uj ph and A'<(k) = A£ for 
w p/i < |£fc| < w/if, for /x = a, j3. Then, the gap equations 
for T r are 



where X r , 



\ph = ^ph — A ph ' ^AF = ^AF ~ A AF i an d A *AF 

X i ;. / ( 1 — Aaf ln(u^F /wpd ) ) ■ It is obvious that we cannot 
obtain a consistent solution if we assume that y = 1, 
that is, A M are constant. The above derivation of T c is 
very simple and natural in the BCS approximation, and 
thus we can discuss the isotope effect on the basis of this 
formula^. The isotope coefficient a is derived as 
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The physics that leads to negative a is very clear. In 
the pairing state with s± symmetry, the negative a < 



occurs if the inter-band electron-phonon coupling A"^ is 
larger than the intra-band one X"^. Thus, the inverse 
isotope effect stems from the inter-band electron-phonon 
interaction. 

Second, let us investigate the s++ state. In this case, 
we adopt A? = Af (i=l,2). We obtain, from eq.®, 
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The substitution of y to eq. (fTTj) yields 
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and those for A^ and A(j ■ We set = X^ and X°f F = 

X^p since the mutual pair transfer interactions are the 
same between bands a and /3. For simplicity, we assume 
that A$* = Ag, Ap. = A^ F and AT" = AT^. 

Let us first consider the solution to this coupled equa- 
tion, with the s± symmetry satisfying Af = — Af (i =1, 

2). From eq.(T2} 5 the ratio y = Af/AJ 1 = A^/A^ is 
written as 
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We obtain the critical temperature, by substituting y into 
eq.CEU), 
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where A+ = X^ 



x a/3 



AjlF = Aaf + ^af an( l ( a Af)* — 

X\ F /(l + X\ F ln(ujAF/u} p h))- Since d\n(kBT c )/d\nLJ p h 
I — [(Aj[ F )*/(Ai — (A^ F )*)] 2 , the isotope coefficient is 
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This gives the positive isotope effect a > 0, except the 
case where {X AF )* < X^ h < 2(X A ~ F )*. Hence, the isotope 
effect is probably normal in the s++-pairing state. 

The critical temperature T c in eq.(5) of the Comment 
may be derived from the following coupled equation, 



A" = XTf A Q In + X«iA? In ? Uap 
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In fact, if we assume that the gap functions A M are con- 
stant, we obtain T c in the Comment (with some cor- 
rections). The model that gives this coupled equation 
is, however, unphysical because the Hamiltonian is in- 
evitably not hermitian. Thus, it is not proper to apply 
this model to real Fe pnictides. 
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